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CLAIMS 

We claim: 

1 1 . A method for determining a submarine geographic position, the method comprising the steps 

2 of: 

3 a) launching a radio navigation-enabled buoy and recording a launch time and a DRNS 

4 geographic position estimat^ wherein said DRNS geographic position estimate is 

5 determined by a DRNS; 

6 b) recording a buoy breach time and searching for radio navigation signal^ wherein said 

7 buoy breach time is subsequent to said launch time; 

8 c) recording a radio navigation position acquisition time and an initial radio navigation 

9 positioij^ wherein said sttbseqtfent^time is subsequent to said buoy breach time; 

10 d) recording a subsequent radio navigation position^and a subsequent time, wherein said 

11 subsequent time is subsequent to said radio navigation position acquisition time; 

-tin NicrJizi 



12 e) determining a DRNS correction factor using a DRNS position error, a buoy drift,iradio 

13 navigation^ po s ition» fete and DRNS position date^ ^ 



14 Q estimating said submarine geographic position using said DRNS correction factor and 

1 5 said DRNS geographic position estimate. 

1 2. The method of Claim 1, wherein said radio navigation-enabled buoy comprises a GPS- 

2 enabled buoy. 

1 3. The method of Claim 1, wherein said DRNS position error is determined by extrapolating a 

2 radio navigation/drift estimated geographic position of said radio navigation-enabled buoy at 

3 said buoy breach time using a radio navigation/drift position and said buoy drift and 

4 comparing said radio navigation/drift estimated geographic position of said radio navigation- 

5 enabled buoy at said buoy launch time to a launch time^DRNS geographic position estimate 

6 of said submarine at said buoy launch time. 

1 4. The method of Claim 1, wherein said DRNS is an INS. 
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1 5, The method of Claim 1 , wherein said determining a DRNS correction factor xicing DR>j[S r 

2 po s ition - error, buoy 4 rift, radio - navigation po s ition data an d DRNS - position data comprises 

3 the following sub-steps: 

4 i) extrapolating a radio navigation/drift estimated geographic position of said radio 

5 navigation-enabled buoy at said buoy breach time 'usin^radio navigation positions 

6 4al&and said buoy drift; 

7 ii) comparing said radio navigation/drift estimated geographic position of said radio 

8 navigation-enabled buoy at said buoy breach time to a DRNS estimated geographic 

9 position of said submarine at said buoy launch time; 

10 iii) determining said DRNS correction factor from said DRNS position error. 

1 6. The method of Claim 5, wherein said extrapolating a radio navigation/drift estimated 

2 geographic position of said radio navigation-enabled buoy at said buoy breach time 

3 comprises the following sub-steps: 

4 (1) determining said buoy drift by comparing said initial radio navigation position 

5 data to said subsequent radio navigation position and said radio navigation 

6 position acquisition time to said subsequent time; 

7 (2) extrapolating a.radio navigation/drift estimated geographic position of said radio 

8 navigation-enabled buoy at said buoy breach time usin^radio navigation positions 

9 4ata and said buoy drift. 

1 7. The method of Claim 5, wherein said extrapolating a radio navigation/drift estimated 

2 geographic position of said radio navigation-enabled buoy at said buoy breach time by the 
* 3 following sub-steps: 

4 (1) determining a latitude displacement and a longitude displacement by multiplying 

5 a latitude drift velocity by an elapsed time and a longitude drift velocity by said 

6 elapsed time, wherein said elapsed time equals a first event time subtracted from a 

7 second event time; 

8 (2) subtracting said latitude displacement and said longitude displacement to a 

9 navigation position^associated with said second event time. 
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1 8. The method of Claim 7, wherein said first event time is said buoy breach time, and wherein 

2 said second event time is said radio navigation position acquisition time, and wherein said 

3 second event time is subsequent to said first event time. 

1 9. The method of Claim 1 , wherein said buoy drift is represented by latitude/longitude 

2 displacement over time. 

1 10. The method of Claim 1 , wherein said method is performed by a processing means. 

1 11. The method of Claim 10, wherein said processing means includes a submarine navigation 

2 computer. 

1 12. The method of Claim 10, wherein said processing means includes a buoy computer and a 

2 navigation computer. 

1 1 3. A submarine launched radio navigation buoy system, comprising: 

2 a) a submarine launched radio navigation buoy, capable of: 

3 i) launching fi-om a submerged submarine; 

4 ii) obtaining a plurality of radio navigation position^fi:om radio navigation RF signals 

5 and a plurality of corresponding event times; 

6 iii) transmitting said plurality of corresponding event times and said phirality of radio 

7 navigation positions; 

8 b) a processing means, operatively coupled to said submarine launched radio navigation 

9 buoy, capable of: 

10 i) receiving said plurality of corresponding event times and said plurality of radio 

11 navigation positions^ ^ 

1 2 ii) determining a DRNS correction factor using a DRNS position error, a buoy drift, 

1 3 '^^radio navigation^position data and DRNS position dat^ (i 

14 iii) estimating a submarine geographic position using said DRNS correction factor and a 

15 DRNS geographic positi^f"^ 

1 14. The submarine launched radio navigation buoy system of Claim 1 3, wherein said submarine 

2 launched radio navigation buoy is a GPS-enabled buoy. 
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1 15, The submarine launched radio navigation buoy system of Claim 13, wherein said - proce s sing 

2 jneons determine s said DRNS position error is determined by extrapolating a radio 

3 navigation/drift estimated geographic position of said radio navigation-enabled buoy at said 

4 buoy breach time using a radio navigation/drift posinon^and saia buoy drift and comparing 

5 said radio navigation/drift estimated geographic position of said radio navigation-enabled 

6 buoy at said buoy breach time to a DRNS estimated geognq)hic position of said submarine at 

7 said buoy launch time. 

1 16, The submarine launched radio navigation buoy system of Claim 13, wherein said processing 

2 means determines^DRNS correction factor «s ing - DRNS position error^ buoy drift, mdio 

3 navigation position data and DRNS po s itio iytoa comprises the following sub*steps: 

4 i) extrapolating a radio navigation/drift estimated geographic position of said radio 

5 navigation-enabled buoy at said buoy breach time usingy^radio navigation positions 

6 -data and said buoy drift; 

7 ii) comparing said radio navigation/drift estimated geographic position of said radio 

8 navigation-enabled buoy at said buoy breach time to a DRNS estimated geognq>hic 

9 position of said submarine at said buoy launch time; 

10 iii) determining said DRNS correction factor from said DRNS position error. 

1 1 7, The submarine launched radio navigation buoy system of Cj^ 16, wherein said processing 

2 means extrapolates a radio navigation/drift estimated gi^raphic position of said radio 

3 navigation-enabled buoy at said buoy breach timc/domprises the following sub-steps: 

4 (1) determining said buoy drift by cprnparing said initial radio navigation position 

5 data to said subsequent radu/navigation position and said radio navigation 

6 position acquisition i\v^no said subsequent time; 

7 (2) extrapolating a rajiio navigation/drift estimated geographic position of said radio 

8 navigation-envied buoy at said buoy breach time using radio navigation position 

9 data and/^id buoy drift. 
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1 18. The submarine launched radio navigation buoy system of Claim 16, wherein said processing 

2 means extrapolates ^radio navigation/drift estimated geographic position of said radio 

3 navigation-enabled buoy at said buoy breach time by the following sub-steps: 

4 ( 1 ) determining a latitude displacement and a longitude displacement by multiplying 

5 a latitude drift velocity by an elapsed time and a longitude drift velocity by said 

6 elapsed time, wherein said elapsed time equals a first event time subtracted from a 

7 second event time; 

8 (2) subtracting said latitude displacement and said longitude displacement to a 

9 navigation position associated with said second event time. 

1 19. A submarine laimched radio navigation buoy system, comprising: 

2 a) means for launching a radio navigation-enabled buoy; 

3 b) means for recording a launch time, a DRNS geographic position estimate, a buoy breach 

4 time, a radio navigation position acquisition time and a subsequent time, wherein said 

5 subsequent time is subsequent to said radio navigation position acquisition time, which is 

6 subsequent to said buoy breach time, which is subsequent to said launch time; 

7 c) means for searching for and receiving radio navigation signal^; ^ 

8 d) means for recording an initial radio navigation positiomand a^subsequent radio navigation 

9 positioi^ 0 

10 e) means for determining a DKNS correction factor using a DRNS position error, a buoy 

11 drift,^radio navigationy^ pooitiorf data andl)RNS position da^ 0 

12 f) means for estimating said submarine geographic position using said DRNS correction 

13 factor and a DRNS geographic posiS)^^ Is-'^ 

1 20. A method for determining a submarine geographic position, the method comprising the steps 

2 of: 

3 a) launching a radio navigation-enabled buoy and recording a launch time and a DRNS 

4 geographic position estimat^ wherein said DRNS geographic position estimate is 

5 determined by a DRNS; 
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6 b) recording a buoy breach time and searching for radio navigation signal^ wherein said 

7 buoy breach time is subsequent to said launch time; 

8 c) recording a radio navigation position acquisition time and an initial radio navigation 

9 position^ wherein said aubsoqucn iitime is subsequent to said buoy breach time; 

10 d) determining a DRNS correction factor using a DRNS position error, a buoy driftjradio 

11 navigation position date* and DRNS position dat^ wherein said buoy drift is received 

12 fix)m a DRNS associated with said radio navigation-enabled buoy; 

13 e) estimating said submarine geographic position using said DRNS correction factor and 

14 said DRNS geographic position estimate. 

1 2 1 . A method for determining a submarine geographic position, the method comprising the steps 

2 of: 

3 a) launching a radio navigation-enabled buoy and recording a launch time and a DRNS 

4 geographic position estimat^ wherein said DRNS geographic position estimate is 

5 determined by a DRNS; 

6 b) recording a buoy breach time and searching for radio navigation signal^ wherein said 

7 buoy breach time is subsequent to said launch time; 

8 c) recording a radio navigation position acquisition time and an initial radio navigation 

9 positioi^ wherein said sub s equen ^time is subsequent to said buoy breach time; 

10 d) determining a DRNS correction factor using a DRNS position error, a buoy drift,i radio 

11 navigation position -data and DRNS position da^ wherein said buoy drift is received 

12 from a sonar system capable of tracking said radio navigation-enabled buoy; 

13 e) estimating said submarine geographic position using said DRNS correction factor and 

14 said DRNS geographic position estimate. 
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